
Dissecting the Complex Diseases 
Geneticistsfnce a tough challenge in the 1990s as they begin eforts to tease out the genetic 
components o f  multi-cause diseases such as cancer and schizophrenia 

and human obsen~ation that genetic 
makeup influences susceptibility to  
these diseases. In fact, susceptibil- 
ities to  many of the complex diseases 
seem to be influenced by perhaps 
three to  five genes acting together. 

Genetic susceptibilin is apparent- 
ly not the only determinant of 
whether an individual actually gets 
sick, ho\+cver. One indication that 
it's not comes from studies of identi- 
cal twins, who are born with the 
same genes. The studies sho\v that 

s c I E N c E DURING THE I ~ ~ O S ,  
molecular genetl- 
c~s t s  took a major 

8 7 : step to\vard under- 
I 1 * @:' stand~ng the s~mple ;*: hered~tan. d~seases, 

fi a those caused by sln- 
P m r n r * - . ,  gle-gene mutations 

Counted among 
It' 

\"ler t h e ~ r  successes, for 
example, were the ~ s o l a t ~ o ~ l  of the long- 
sought genes that cause Duchenne muscular 
dystrophy and cvst~c fibros~s. 

But remarkable as the ach~evements are, 
they w ~ l l  have only a modest n p a c t  on 
publ~c health, for the s~mple genetlc d~seases 
are rclat~vely rare, number~ng t h e ~ r  vlctlms 
In, at most, the tens of  thousands So as the 
1990s beg~n,  molecular genetlclsts are turm 
111g to the far more daunt~ng  task of unra\ el- 
lng the genetlc components of the much 
more complex c o n d ~ t ~ o n s  that cause the vast 
majorlty of death and ~llness In the devel- 
oped \vorld "Solv~ng the s~ngle-gene d ~ s -  
eases 1s stra~ghtfonvard-hard work-but 
stra~ghtfonvard," says genetlclst E r ~ c  Lander 
of the Wh~tehead Inst~tute In Cambr~dge, 
Massachusetts, and one of the movlng forces 
In the new effort. "The front~cr 1s d~seases of 
more complex ~nher~tance " 

Those d~seases ~nclude heart d~sease and 
cancer-the two lead~ng k~llers-as well as 
h ~ g h  blood pressure, o b e s ~ n ,  and common 
autoimmune d~sorders, such as d ~ a -  

CANCER 6 m (1 m new pncogenes, tumor suppressor genes. 
cases expected in Ret~noblastoma, Wilms' tumor genes 
1990) 

CORONARY 5 m 1 5 m heart Genes involved in cholesterol and 
HEART DISEASE attack expected 1 1  id metabolism, blood clotting. 

in 1990) '!DL receptor gene 

betes and mult~ple scleros~s And much more d~fficult Here research- 
there are also mental d~seases, such ers are look~ng for genes that may 
as Alzhe~mer's, man~c-depress~on, contr~bute only 1 0  or  20% of an 
and sch~zophren~a There 1s good People affected ~n ~nd~v~dual ' s  suscept~b~l~ty,  rather 

Dlsease the Un~ted States Cand~date genes ('conflrrned) 
ev~dence from both an~mal s tud~es than loo%, as ~n the case of the 

as d~abetes or sch~zophren~a, the other one 
gets lt no more than 20  to 50% of the tlme 
Env~ronmental ~nfluences, such as d m ,  
smok~ng, chem~cal exposures, v~ral  ~nfec- 
tlons, and the all too common "unkt~own" 
must also play a role 

All that complex~ty w ~ l l  make the job of 
teaslng out the genetic components of the 
complex d~seases an uph~ll  slog It  certa~nly 
won't be completed In t h ~ s  decade. But the 
hope 1s that the effort w ~ l l  ult~mately pay off 
by glvlng researchers a better grasp of how 
these d~seases develop And on a pract~cal 
level, a more thorough understand~ng of the 
d~seases m ~ g h t  lead t o  better therap~es and 
perhaps to  better pre\ en t~on .  

One ~ n d ~ c a t ~ o n  of the llltense current In- 
terest In the complex d~seases was a meetlng 
on the "Genet~cs and Molecular B ~ o l o p  of 
Complex D~seases," held earl~er t h ~ s  month 
at the Banbury Center at Cold S p r ~ n g  Har- 
bor Laboraton. on Long Island Banbury 
meetlngs usually focus on  a spec~fic d~sease 
or area of  ln\estlgatlon, says Lander, who 
cocha~red the confab \v~th  Arav~nda Chakra- 
vartl of the Un~vers~ ty  of P~ttsburgh and 
Banbun. Ce~lter d~rector Jan W~tkowsk~.  
But the p a n t  of t h ~ s  one \vas to  get an 
exchange golng among people w~orkl~lg on 
d~fferent d~sorders-to attack In common 
the Immense techn~cal problems posed by 
the complex d~seases 

One problem they all face 1s that the 

DIABETES 0 5 m 'Histocompatib~lity protein gene. 
Genes for T cell receptor, other 

"exper~mental organ~sms" are human be- 
lngs. "There 1s a major d~tference between 
do111g gelletlcs l ~ k e  t h ~ s  In humans and In 
other an~mals o r  plants," Lander says "You 
can't d o  crosses You can't m a n p l a t e  the 
c ~ ~ \ ~ ~ r o n m e n t  " 

What the researchers often try to  d o  111- 

stead 1s use l~nkage analys~s, a genetlc tech- 
nlque that was gwen a b ~ g  boost by the 
ad\ent d u r ~ n g  the past decade of the chro- 
mosomal markers called restrlctlon fragment 
length polymorph~sms, or RFLPs ("rl- 
fl~ps") RFLPS are n o t h ~ n g  more than short 
DNA sequences that vary from one person 
to the next and can be mapped to spec~fic 
chromosomal locat~ons. 

The ~ d e a  1s to  find RFLPs that sho\v a lot 
of v a r ~ a t ~ o n  and then use them In s tud~es of 
fam~l~es  \vho have genetlc d~seases to  see ~f 
fam~ly members \vho get the d~scase consls- 
tently carry a part~cular variant If they do, 
the researcher can conclude that the d~sease 
gene and the RFLP are " l ~ n k e d  they are 
~ n h e r ~ t e d  together and therefore must be 
located very near one another on the same 
chromosome The RFLP marker 1s then 
used as a stepping-stone to find the gene 
~tself. The researchers who found the clist~c 
fibros~s and muscular dystrophv genes used 
t h ~ s  approach, w h ~ c h  does not requlre any 
knowledge about the nature of the target 
gene or  ~ t s  chromosomal locat~on 

But apply~ng RFLP I~nkage analys~s to  the 
complex d~seases 1s g a n g  to be 

immune molecules 

HIGH BLOOD 60 m Renin gene 
PRESSURE 

MANIC- 1 m ? 
DEPRESSION 

SCHIZOPHRENIA 1 8 m ? 

single-gene disorders. Such genes 
may be hard to  detect by randomly 
scanning the genome for an associa- 
tion benveen a disease and a RFLP 
marker. In fact, recent fiascoes with 
linkage analysis of nvo complex 
disorders-manic-depression and 
schizophrenia-illustrate some of 
the hazards. 

In November 1987, Janice Ege- 
land of the University of Miami and 
her colleagues reported that they 
had linked cases of manic depression - 

when one twin gets a disease, such I I in a large Amish family to  RFLP 
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markers on chromosome 11, raising hopes 
that a gene for the disorder would be found 
soon. But those hopes were dashed at the 
end of last year, when the linkage report had 
to be retracted after further analysis failed to 
confirm it (also see Science, 17 November 
1989, p. 886). 

Schizophrenia workers have gone 
through a similar boom-and-bust cycle. At 
the end of 1988 Hugh Gurling of Universi- 
ty College and Middlesex School of Medi- 
cine in London and his colleagues reported 
linkage between schizophrenia and markers 
on chromosome 5. Accompanying the Gurl- 
ing report, however, was another in which 
Kenneth Kidd of Yale University School of 
Medicine and his colleagues said that they 
failed to find such a linkage. 

Now, the two groups might have come 
UD with different results because thev did 
not use the same families for their linkage 
analyses, leaving open the possibility that a 
gene on chromosome 5 contributes to the 
schizophrenia of the family studied by the 
Gurling group, but not to that of the family 
studied by Kidd and his colleagues. Indeed, 
researchers expect to find this type of genetic 
heterogeneity in the complex diseases, al- 
though heterogeneity cannot be definitively 
claimed unless linkage to a second gene is 
actuallv found. 

The chromosome 5 linkage still has not 
been confirmed, however, and Kidd is not 
alone when he says, "My personal opinion is 
that [Gurling's] finding is a false positive. 
Not that he did anything wrong, but that it 
was just a statistical fluke." Kidd notes that 
he was a member of the original manic- 
depression study and can't "throw rocks." 

Why are researchers finding the mental 
diseases so difficult to study by linkage 
analysis? Two participants in. thi ~ a n b u b  
meeting, research psychiatrists Miron Baron 
of New York State Psychiatric Institute in 
New York City and Irving Gottesman of the 
University of Virginia School of Medicine 
in Charlottesville, pointed to one major 
complicating factor. Manic-depression and 
schizophrenia are extremely hard to diag- 
nose accurately. 

And large numbers of patients do not 
have to be misdiagnosed to confound link- 
age analysis. In the manic-depression study, 
for example, diagnosis of the disease in just 
two additional members of the Amish family 
went a long way toward wiping out the 
original finding. 

After hearing about the difficulties with 
the work on manic-depression and schiw- 
phrenia, Mary-Claire King of the University 

of California, Berkeley, whose research fo- 
cuses on breast cancer, said, "There's no 
question that this is as hard as it gets." 

But the embarrassing fiascoes with manic- 
depression and schizophrenia do not mean 
that linkage analysis of complex diseases is 
hopeless. Molecular geneticists expect that 
they will succeed with other diseases in 
which accurate diagnosis is not the problem 
that it is for the mental diseases. They are 
especially optimistic about conditions for 
which they have good biological indicators 
that can be used in looking for linkage. 

One such condition cited by several ge- 
, neticists is coronary artery disease, the cause 
1 of heart attacks. About 10 years ago, Joseph 
1 Goldstein and Michael Brown of the Uni- 

versity of Texas Southwestern Medical Cen- 
ter in Dallas (who shared the 1985 Nobel 
Prize for Medicine for their work) identified 
a gene mutation that results in extremely 
high concentrations of LDL (low-density 
lipoprotein) cholesterol, a type of cholester- 
ol that is associated with a high risk of 
having a heart attack. In fact, people who 
get two copies of the mutation often die of 

From the Tomato to the Mouse 
Learning how to grow bettcr tomatoes wouldn't sccm to have much to do with 
currcnt efforts to ut~derstand the genetics of complex diseases such a.. cancer, diabetes, 
and schi7x)phrenia. But it does, according to geneticist Eric Lander of the Whitehead 
Institute fix Bionledical Research. Thc traits that intcrcst tomato fanciers-size and 
solid content, for exarnplcare influenced both by groups of gcnes acting in concert 
and by environmental factors, as is development of the complex diseases. Therefore, 
Lander proposes, a new method for mapping the chromosomal locations of the gencs 
that speciq complex traits-a technique that has so far becn used only in the tomato- 
might hclp to dissect out the gcncs that make people susceptible or resistant to 
coniplcx diseases. 

To find the genes that influence particular charactcristics, gencticists do breeding 
studies in which the inheritance of the trait under study is correlated with "markers" 
having known chromosomal locations. If a marker and a trait are consistently 
inherited together, they must be located close together in the genome. In the past, 
however, finding markers for mapping the locatiotls of the gencs determining 
quantitative traits was strictly a matter of luck. But "now we no longer nccd to be 
lucky to map quantitative trait loci," says Lander. His optimism-and the new 
mcthod-rest on the dcvclopment of the chromosomal markcrs called RFLl's. "With 
RFLPs, Lander adds, ' k e  can mark the entire genome." 

RFLP linkage analysis has already been widely used for finding singlc gencs-the 
cystic fibrosis gene, for example. What Lander and David Botstcin of the Stanford 
Univcrsity School of Mcdicinc have done is to devise analytical and mathematical 
methods for extending the approach to map the nlultiple genes that collectively 
specifjr complex traits. Lander's group, working in collaboration with that of Steven 
Tanksley of G)rnell University in Ithaca, then tested the method in thc tomato. The 
researchers identified at least six chromosotnal locations cncoding gencs for fruit 
mass, four encoding galcs for soluble solids concentration, and five cncoding gencs 
for acidity. The collaborators are now trying to wro in on individual genes at thosc 
sitcs. 

Lander is the first to concede that the method for mapping quantitative trait loci is 
not applicable to humans bec;iuse it dcpends on doing breeding cxpcriments. But it 
should, hc says, work with rats and mice, which have a genetic complexity similar to 
that of the tomato. Lander and hypertension expert Victor Dzau of Harvard Medical 
School are going to try to use the method to identit) thc locations cncoding the gcncs 
that regulate blood pressure in the rat. Once they have candidate gcnes, they can go 
on to see whether the same gales affcct blood pressure in human beings, too. w J. M. 

ADDITIONAL READING 
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heart attacks in their twenties. teins naturally vary from one person to 
So the LDL cholesterol concentration another. But the availability of RFLPs has 

ceptible to heart attacks. Recentlv. for exam- I researcher looks for a RFLP marker located 

provides an easily measured trait that can be 
used as an indicator to search for genetic 
factors that make people more or less sus- 

pl;, Helen Hobbs, who works i i~oldstein 's  
lab in Texas, found evidence in a linkage 
analysis study for a gene that acts to suppress 
blood LDL concentrations and might possi- 
bly protect against heart attacks, although 
that remains to be established. 

opened up the possibility of doing associa- 
tion analysis for other candidate genes that 
lack such natural variability. To  do this, the 

very near the gene under investigation, per- 
haps in one of the noncoding regions con- 
tained within most of the genes of higher 
organisms, and then determines whether the 
RFLP is associated with a disease. 

Steve Hum~hries of Charinp: Cross Sun- 

neticists are confident that it will be. 
- 

Linkage analysis is performed with fam- 
ilies, as Hobbs' study and the ill-fated 
schizophrenia and manic-depression genes 
were. But there is another genetic technique 
called association analysis that is also being 
~ u t  to use in the effort to find disease 

The Texas workers are currently attempt- 
ing to find the LDL-suppressing gene. Their 
search has not yet been successful, but ge- 

seem to predispose people who have already 
had one heart attack to having another. 
Humphries has now found a RFLP in the 
regulatory region of the fibrinogen gene 
that goes along with having high concentra- 
tions of the clotting factor. "RFLP studies 
are a useful first tool." Humphries con- 

ley Research  enter in ~ o n d g n  described 
one such analysis at the Banbury meeting. 
High levels of the clotting factor fibrinogen 

cause population members are much more 
genetically diverse than family members, the 
researchers have to narrow down their 
search by focusing on candidate genes for 
which there is biological reason to think 
they might be involved in a disease. 

Insulin-dependent diabetes provides a 
case in point. This form of diabetes is an 
autoimmune disease in which the immune 
system attacks and destroys the beta cells of 

susceptibility genes. Association analysis 
looks for connections between genes and 
hereditary traits in populations. And be- 

Comparable studies might also be done 
with other complex diseases. Cancer, for 
example, has a large number of candidate 
genes. These include genes encoding en- 
zymes that break down chemicals and drugs, 
plus the 50 or so "proto-oncogenes," genes 
that can bring about the cancerous transfor- 
mation of cells if they undergo certain muta- 
tions, and a growing number of tumor 
suppressor genes, the loss of which may also 

cludes, "in an initial screen for functionally 
important sequence differences that may be 
related to disease." 

the pancreas. which secrete the body's insu- I contribute to cancer development. 
lin. Immunologists have known for many 
years that people who get diabetes carry 
certain variants of the histocompatibility 
proteins. Because the histocompatibility 
proteins are critical regulators of immune 
cell reactions, the assumption was that the 
presence of the particular variants was some- 
how related to the development of the aber- 
rant immune response. 

That supposition was borne out by fur- 
ther work. About 3 years ago, for example, 
Hugh McDevitt's group at Stanford Univer- 

I Most of the gene changes that have been 

sitv-school of ~ e d i c i n e  narrowed diabetes I 

the protein tends to protect against diabetes, 
the researchers found, whereas having an- 
other amino acid there increases a person's 
risk of coming down with the disease. 

The original associations between histo- 
compatibility proteins and the autoimmune 

susceptibility down to a single amino acid in 
one of the histocompatibility proteins. The 
presence of aspartic acid at position 57 in 

diseases were made without the aid of RFLP Tracer of lost genes. Geneticist Eric Lander 
markers because the histocompatibility pro- track complex traits i r~  tomatoes and humar:~. 

f 

identified in cancerous tumors are thought 
to arise after birth, presumably as a result of 
lifetime exposures to environmental carcino- 
gens, but there are exceptions to this. He- 
reditary defects in some suppressor genes 
predispose to certain childhood cancers, in- 
cluding retinoblastoma and Wilm's tumor. 
The quest now is to see if inherited forms of 
oncogenes or suppressor genes make people 
susceptible to other cancers as well. 

What does the coming decade hold for 
the investigation of the complex diseases? It 
seems clear that this work is still in its 
infancy-although it is gathering steam- 
and that some kev technical advances will be 
needed for it to mature. One thing that will 
help is improved methods for doing genetic 
analysis of complex traits. Lander and David 
Botstein of Stanford Universitv School of 
Medicine may have developed one such 
method, although it is not applicable to 
humans (also see box on p. 1541). 

Another thing researchers would dearly 
like to have is a detailed marker map of the 
human genome to help them in their quest. 
That would make it easier, Lander says, to 
follow the inheritance of a chromosome in a 
population and improve the correlations 
between the markers and the trait under 
study. A genetic map is supposed to be one 
of the priorities of the Human Genome 
Project,-but the program has taken a lot of 
criticism recently for letting the map slip 
(Science, 19 January, p. 281). 

The researchers also want to identify fam- 
ilies in which a particular disease is passed 
from generation to generation. The Nation- 
al Institute of Mental Health is helping by . - .  

setting up a multimillion-dollar 5-year pro- 
gram for identifying families with schiw- 
phrenia, manic-depression, and Alzheimer's 
disease. An early goal of the NIMH pro- 
gram is to devise-standardized diagnostic 
criteria for these conditions to help reduce 
the scientific com~lications that are intro- 
duced by inaccurate diagnoses. 

Researchers interested in unraveling the 
genetic components of the complex diseases 
clearly have their work cut out for them in 
the cbming decadeand no doubt beyond. 
The task will be much more difficult than 
solving the single-gene diseases, which are 
hard enough. Is it worth the trouble? Psy- 
chiatrist Kidd was speaking of the mental 
illnesses, but his words apply to the other 
complex diseases as well: "These conditions 
are so important both as public health prob- 
lems and individual health tragedies that 
they warrant major efforts to try to under- 
stand them," he says. JEAN MARX 




